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SAFETY AND EFFICACY OF A RECOMBINANT Postimmunisation serum samples from a majority of
DNA PLASMODIUM FALCIPARUM volunteers mediated the circumsporozoite (CS)

SPOROZOnIE VACCINE precipitation reaction and inhibited sporozoite invasion of
hepatoma cells in vitro Serum from the three volunteers

W. RPLEY BALLOu STEPmEN L. HoFFmAN A  I who received 800 P9 dp7 reacted with the surfsoe of
JAMES A. SHERWOOD' 3 MIjiAm. R. HOLLNGDALE' sporozoites in anrc Six

FRANKLIN A. NEVA3  WAYNE T. HOCMEYER' I immunised vohnteers receiving a fourth dose of FSV-l and
DANiEL M. GORDON' IMOGENE SCHNEIDER s  two non-immunised controls were challenged by bites of

ROBERT A. WIR''z5  JAMES F. YouNG& mosquitoes infected from cultured P falaparrm
GAIL F. WASSERMAW PETER REV" gametocytes. Parasitaemia did not develop in the vohmteer
CARTER L. DiGGs' JEFFREY D. CHULAY- with the highest titre of CS antibodies, and parasitaemia was

Departnent of lnm1uok, Walter Red Ar-y Inainae of delayed in two other immunised volunteers, This study
Research, Waker Reed AV Medical Center, Wahiram DC, confirms that human beings cn be protected by CS protein
USA, Malaria Broh, US Naval Mad Research Inuinae, subunit vaccines and provides a framework for the further
Bethesda, Maryedme Laboratorm of Par- t Dases, National development and testing of more immunogenic sporozoite
imt of Aan/ and lieiow Dueas, Natima Iamas of vaccines. -A -.... , ,. ,..,-.. ( * -

Health, Bethesda,3 Bim Research Instinae, Rockvyle,
Marynd, I Deparaen of EW-,wok, Wafte Reed Armry

Inie of Rearch, and Departme of Moilear Genetics, ,

SOih, Kline, and French, Swadeknnd, PewvrylW -. CONTROL of falciparum malaria remains one of the
A ---. m- , world's greatest health challenges. Global malaria

&emnass ', A recombinant DNA - P Lodiwum .eradication and control pmgrarnmes carried out over the
falpartan sporozoite vaccine'roduced in past 50 years have been seriously hampered by the

Eschia co" (FSV-I) was tested in dos of l 0 to 800 widespread development of drug resistance by the parasite
"9protem in fifteen volunteers. No serious adverseeactions and insecticide resistane by the mosquito vector. There is,
ocurred. Antibodies that reacted with P faklampaa therefore, great interest in developing vaccines to prevent
sporozoite antigens by enzyme-linked immunoassay malaria. One of several potential vaccine targets is the
developed in twelve of the volunteers. The highest antibody sporooite, the stage that is injected into the blood by
dtres induced were similar to those resulting from lifelong mosquitoes and is exposed to serum antibodies for a brief
natural exposure to sporozoite-infected mosquitoes.' time before it invades hepatocytes. Previous studies indicate
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the feasibility of immunisation with radiation-attenuated Serum samples were taken I week after thefirst dose, thenevery2
sporozoites in human beings and animals,' 3 but limited weeks for 16 weeks, and at the time of sporozoite challenge.
availability of purified sporozoites makes such an approach Previously characterised human sera from malaria-endemic regiom

impractical for vaccine development. Sporozoite- of Indonesia (4076) and western Kenya (60-2) were also studied.

imnunised individuals show development of antibodies Serum was separated from blood that had clotted overnight at 4C
and stored at - 70"C until assay. Samples were randomly coded

that are almost exclusively directed against a before testing in all assays except ELI SA.
circumasporozoite (CS) protein which covers the parasite The ELISA for CS antibodies was carried out as previously
surface." The general structure of CS proteins is remarkably described." As the test antigen we used R32LR-
similar among all malaria species studied and contains MDP(NANP), 1 NVDP(NANP) ,NVDPLR; this is a purified
multiple tandem repeats of short aminoacid sequences.' recombinant construct that contains only the first 2 amnoacids
Protection against sporozoite challenge in the Platsoin encoded by the tetracycline resistance gene. Horseradish peroxidase
b 'rghei rodent malaria model can be passively transferred conjugated to rabbit anti-human-IgG (heavy and light chains) was

by means of monoclonal antibodies to intact P berghi used to detect antibodies. Assays were run in triplicate and the man
sporozoitee. or polyclonal antiserium to synthetic P berghe absorbance and standard deviation were calculated for each

dilution. Background values at a given dilution were determined
CS repeat peptides. Rapid progress towards a human with preimmunisation samples and defined as an optical densift less
malaria vaccine was made by the cloning of the CS gene of than the mean plus 2 standard deviations of the week 0 serum
Pfalciparun5 and identification of its CS repeat epitopes as sample's optical density for all volunteers. All SD were less than
targets for functional antibodies.' A series of recombinant 0. 1 units.
DNA Pfalipartn CS proteins expressed in Ewherichia Serum samples were assayed for IgG, IgM, and IgA antibodies
col1e have been identified as potential sporozoite vaccine to R32LR by ELISA as described above, except that peroxidase-

candidates." We now report the results of a human phase I conjugated rabbit anti-human-heavy-chain (at, y, p) specific

safety and immunogenicity study and a preliminary efficacy secondary antisera were used. For selected serum samples the

study with one of these alum-adsorbed recombinant concentrations of IgG subclasses reactive with R32LR were
proeinstdyw ith ned ft alrum-dsporoe vccinn I determined byELISA2 with murine anti-humn-subclass-specific
proteins, designated falciparum PoroZoite vaccine monoclonal antibodies as second antibody followed by horseradish
(FSV-1). peroxidase conjugated to goat anti-mouse-IgG (heavy and light

Snchains). Estimates of IgG subclass concentrations were calculated
Subjets and Methods from standard curves prepared by coating wells with serial dilutionsVolunteers were recruited under protocols approved by an of IgGI, lgG2, 1gG3, or IgG4 human myeloma proteins. IgE

institutional human use review committee. Healthy men aged antibodies reactive with R32tetn or R32LR were measured by
22-50 years underwent baseline physical and laboratory ELISA with biotin-conjugated goat anti-human-IgE as second
examination including complete blood count, serum chemistry antibody and detected with streptavidinlhorseradish-peroxidase
(blood urea nitrogen, creatinine, alanine and aspartate complex. Human IgE mycloms protein was used to prepare a
aminotramferases, and bilirubin), antibodies to both sporozoite and standard curve. The limits of detectio in these assays were
blood-stage parasites of P falciparum, antibodies to human 0-01 pg ni for all IgG subclasses and 01 pg/ml for 1gE. -

immunodeficiency virus (HIV), and routine urinalysis. Volunteers Immunofluorescence assays were carried out a previously
were excluded if they gave a history of malaria; had evidence of described."0 Salivary-gland sporozoites in 'Medium 199' containing
cardiac, haematological, renal, hepatic, or immunological illness; bovine serum albumin were spread onto multiwell printed
were taking immunosuppressive medication; or had pre-eiting immunofluorescence assay slides, air-dried at roon temperature,
antibodies to blood-stage P falcprum parasites by and stored at - 80C. Slides were incubated in serum diluted 1/100
immunofluorescent assay or to R32tetu by enzyme-linked or 1/400 for 20 min then washed. Antibodies reactive with
immunosorbent assay (ELISA). Fifteen volunteers meeting the sporozoites were detected with fluorescein-labelled anti-huma-
enrolment criteria gave informed consent and entered the phase I IgG under ultraviolet light at x 500 magnification. Fluorescence
study. Two volunteers consented to serve as non-immunised was graded from 0 to 4+, where 0 indicates no fluorescence
controls for the challenge part of the study. detectable and 4 + intense fluorescence over the entire sporozoite.

The aminoacid sequence of R32tet3i is Serum samples were assayed for circurnsporozoie precipitation
MDP(NANP)sNVDP(NANP),,NVDPtetv, activity.' Salivary-gland sporozoites from Pfalcparina san NF 54

where M = methionine, D = aspartic acid, P = proline, (500 to 1000 sporozoites in 5 p medium 199), were mixed with 5 pl
N = asparagine, A - alanine, V valine, and tetu - the first 32 serum on a microscope slide, sealed under a cover slip rimmed with
aminoacds encoded by a tetracycline resistance gene, read out of petroleum jelly, and incubated at 37"C for 30 min. Reactions were
frame' 0 FSV-1 consisted of single-dose ampules of sterile R32tet 2  evaluated by phas-contras ncroscopy at x 400 magnification. 25
in aqueous saline containing 0-5 rg Al " (as aluminum hydroxide rndom sporozoites were examined for each serum sample and the
gel) per 0.5 ml dose. Thiomeral was added as a preservative. FSV-I number of CS-precipitatior-positive organisms -a recorded.
was stored at 4C and protected from light before administration. To assay inhibition of sporozoite invasion,"3 strain NF54 P
The vaccine was prepared at five different concentrations (10 jig, fal/parum sporozortes were added to replicate hepatoma (HepG2-
30 pg, 100 jig, 300 pg, and 800 pg R32tetu per 0-5 md dose). A16) cel cultures containing srum (,20dilution) and incubated at

The vaccine was given intramuscularly to three volunteers for 37"C. Intracellular sporozoites were visualised by a monoclonal
each of the five doses. Volunteers received primary immunisation at antibody imnunoperoxidase assay. Week 10 and week 0 senum
week 0 and were boosted with identical doses at weeks 4 and 8 samples were assayed simultaneously. Non-specific inhibitory
according to an immunisation schedule that had been used activity was calculated as the mean minus 2SD of triplicate counts of
successfully in preclinical studies with small animals. 50 weeks intew'lised spotozoites incubated with week 0 (control) serum
after primary immunisation, six of these volunteers received a samples. The percentage inhibition of sporozoite invasion was
fourth identical dose. Volunteers were observed for immediate toxic calculated as ((control-test] control) x 100.
effects fer 20 min after immunisation. 24 h and 48 h later they were Before the first imnunisation and 4 weeks after each dose in the ..
examined for evidence of fever, local tendemess, erythea, primary series of immunisations, and before and 10 days after the
warmth, induration, and lymphadenopathy and were asked about f.arth dose, peripheral-blood nonuclear cells were separated
complaints of headache, fever, chills, malaise, local pain, nausea, from hepatnised venous blood by centrifugation or. -'ioll-
and joint pain. Before each vaccine dose, blood and urine samples Hypaque', washed, and suspended in culture medium containing --- '-i
were taken for full laboratory examination. Complete blood count heat-inactivated pooled human AB or autologous serum obtained '89
ad serum chemistry profiles were rechecked 2 days after each and frozen bef arst mnmunisation. Peripheral-blood
vaccine dose. moonuclear s (rim s 111s well) were incubated with atigen

I 1- _
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20 o og Results

c AW JOy The vaccine was well tolerated at all five doses. There
.1 Is r O0ooig were no episodes of fever, chills, malaise, headache, nausea,

o8Woq or joint pain. Minor pain associated with the injection of
.0 ,at, vaccine occurred in seven of nine volunteers receiving doses

10 of 100 g or greater. The injection site was slightly tender in

_ 0 oeight of fifteen volunteers after at least one dose of vaccine,
05 0 including all those receiving 300 pg or 800 Ag doses. In no

3 13 0 case did these complaints limit function or persist more than

0 n 48 h.
60 One volunteer who received 800 jig doses suffered

Week repeated sneezing followed by a general urticarial eruption

Fig -Hunmoral responses to FSV=1. without associated hypotension or dyspnoea within 5 mun of
a third dose of FSV-1. These symptoms resolved

Mean ELISA absotance for triplicate assays of scrumn diluted 150 for spontaneously within 30 min and did not recur. He had
each volunteer 2 weeks after each dose of S V- . CS-repeat-epitope-specific IgE (1 pg/mil) in serum obtained

4 weeks after the second dose; IgE levels were higher
25S (10 pg/mI) 2 weeks after the third dose but were

undetectable 6 weeks later. Antigen-specific IgE did not
20 develop in any other volunteer. Prick and intradermal

inoculation tests with R32tet,, R32LR, or thiomersal were1 5 negative in the allergic volunteer 3 months after the third
dose and he had no toxic effects or IgE response after 

fourth dose. There were no abnormalities in complete blood

0. .count, serum chemistry profiles, or urinalysis during the
study.

0 To exclude the measurement of antibodies directed
s0 200 Dilution 60 0  

3200 against the tets portion of R32tet, a related recombinant
protein containing the identical CS-repeat portion but only

Fig 2-Comptm-i. of-dbodke to PljikkiNp m CS protein repn the first two aminoacids of the tetss tail (R32LR) was used as
cphtoiesateri unstmionl with FSV=I or natural exposure toInfecd a ,te iuito a antigen in the ELISA. Antigen-specific IgG was detected 2

Week 10 sen fror volunteer 14 receiving 80g doses of FSV-1 (A) and weeks after the primary immunisation and was dose-
sentfrom a hyperendemic region of Indonesia (0) and a holoendemnic region dependent between 100 pig and 800 pig R32tet,, (fig 1).
of Kenya (0) were assayed by ELISA for antibodies against R32LR. Twelve of fifteen (80%) volunteers had antibody titres of

1/50 or greater. Maximum antibody responses were
sustained for 2 to 3 weeks and disappeared with a half-life of

(R32tet32 or R32LR) or culture medium in 96-well round-bottom about 28 days. The titre rose significantly after repeated
tissue-culture plates for 7 days at 37"C in 5% carbon dioxide; 0.4 doses in only one volunteer, who received the 800 pig dose.
pCi tritiated thymidine was then added to each well. 7 h later, His antibody levels were similar to those ofthe highest-titre
cultures were harvested and counted in a liquid scintillatiot
counter. Results were expressed as the stimulation index (mean sea we hav yet orvd ro la rian
counts per minute incorporated by triplicate cultures of antigen- populations (fig 2). Immunoglobulin class determinations
stimulated cells divided by the mean cpm incorporated by triplicae revealed IgM, IgA, and IgG antibodies to the antigen in all
cultures of non-stimulated cells) and the difference in mean cpm positive serum samples, with IgG antibodies predominating
between stimulated and non-stimulated cells. For each antigen
concentration a positive lymphocyte proliferative response was TABLE tI--CS PRECIPITATION (CSP) AND INHIBITION OF
defined as a stimulation index that exceeded the mean plus 2 SD of spOROZOETE INVASION Cs) OF HEPG2-16A HEPATOMA CELLS
the baseline (pre-immunisation) stimulation index for all thirteen ACTIvITIEs IN WEEK 10 SERUM SAMPLES
volunteers.

3 weeks after they had received a fourth dose of FSV-l, six CSP*
immunised and two non-inmunised control volunteers were Subject Dose (pg) 0 24- 4+ ISI(%)
challenged with the chlormquine-sensitive NF54 strain, of P
falciparum by allowing 5 mosquitoes with a mean salivary gland 2 10 1 7 0 0
infection rate of33 to feed as previously described." Beginning on 3 10 25 0 0 0
day 5 after mosquito feeding, daily thidck blood films (200 4 30 25 0 0 62
flelds=0.25 p1 blood) were examined for parasites. Infected 5 30 25 0 0 51
volunteers were treated with oral chloroquine.'" 6 30 21 4 0 0

7 10 16 9 0 45
8 100 23 2 0 48

TABLE I-IgG SUBCLASS RESPONSES IN FOUR VOLUNTEERS 9 100 23 2 0 0

IMMUNISED WITH FSV-1 10 300 25 0 0 85
11 300 9 16 0 50

Subdass concentraton (pgml) 12 300 5 20 0 s0

Subiect Dose (og) IgGI 18G2 IgG3 lgG4 13 800 25 0 0 24
14 800 21 4 0 12

10 300 2-10 0-38 0-35 <0-10 15 800 
2
5 J 00 55

II 300 1-83 <0.10 <0.10 <0"10 *on 25 spoozites. 0o no detectable reaction; 2 + fine granularpreipitae
13 800 750 0-72 <0"i0 <0.1013 8 900 50 1.02 <10 0107 around sportssote; 4+ -filanentous tail of precipitate aoeming from
14 800 50-5 '0 125 0.37 spor te

_ _s _ _ I te.
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A 12000B dose of FSV-1, and two others responded after the second
16 dose. Despite variable individual responses, no differences

1o0o0 in either mean stimulation index or difference in cpm were
116 detected in studies carried out after the first, second, or third

0000 dose of FSV-1. There was no apparent correlation between
E the size of proliferative responses and vaccine dose or

0 6000 antibody levels.
A 50 weeks after the first immunisation, six volunteers

-e e .4000 received a fourth dose of FSV- 1. Antibody to CS epitopes
,mmunl$at10n increased above baseline in four subjects, but all titres were

6 4wsafteor below the maximum titres achieved during the primary
0 immunisation. In a preliminary study of efficacy, these

0. volunteers and two non-immunised control subjects were
2 challenged by the bite of Pfalciparon-infected mosquitoes 3
01 -200 weeks after the booster dose. Protection appeared to

601S 375 094 0 900 1 37560 1S 094 02300s9OMS correlate with antibody levels. Parasitaemia was not detected
R32tet 2 (pg/i) R32tet 32 (pg/mll in the volunteer with the hihest antibody response and

Fig 3-Lympkmwye blstog mi respomnem FSV- among the subjects who became parasitaemic the incubation
and prepatent periods were long in the two subjects withBars indicate standard error of mein (n = 13). higher antibody titres (table III). Lymphocyte proliferative

responses to R32LR generally paralleled the antibody
response, indicating the presence of a human T-cell epitope

(data not shown). IgG subclass concentrations were on the repeat region of the molecule. Antibody titres did not
determined in samples from four volunteers with total IgG increase after sporozoite challenge. The clinical
titres of l/200 or greater (two each receiving 300 pg and 800 manifestations of malaria were not modified in the two
pig doses, table I). IgGI was the major isotype found volunteers who had delayed parasitaemia.

(69-94% of total antigen-specific IgG). Total antigen-
specific IgG estimated by summing isotype concentrations Discussion
ranged from 1 pg/ml to more than 50 pg/ml. This study confirms that human beings can be protected

Only week 10 serum samples from the three volunteers from sporozoite-induced malaria by immunisation with a
receiving 800 Ag doses of FSV-1 reacted with CS protein by highly purified recombinant CS protein subunit vaccine.
immunofluorescence; two had 2 + reactions at 1/100 and the The vaccine we used was safe and well tolerated at all five
third had a 3 + reaction at 1/400. doses but was not optimally immunogenic. Each volunteer

CS precipitation activity developed after two or more developed an immune response to the vaccine as determined
doses of FSV-I in nine of the volunteers, including at least by at least one assay of cellular or humoral immunity, but
one individual at each dose; reactions were limited to 2 + high doses of vaccine were required to elicit antibody levels
(table Ii). Inhibition of sporozoite invasion developed in similar to those reported for other highly purified subunit
eleven volunteers. There was no apparent correlation protein or protein-polysaccharide vaccines. ts -1  At doses
between ELISA titres and the results of either CS above 300 pg, antigen-specific IgG developed. The
precipitation or inhibition of sporozoite invasion, antibodies elicited were predominantly IgGl, the pattern of

Baseline (week 0) lymphocyte proliferation assays in two IgG response that is most commonly reported for protein
volunteers (100 pg and 300 pg doses) had high background antigens."5 The role of specific IgG subclass antibodies in
activities preventing adequate analysis of postimmunisation protection against sporozoites is unknown.
responses. The mean stimulation index (fig 3a) and The 800 pg dose of FSV- 1 elicited antibodv levels similar
difference in cpm (fig 3b) for the other thirteen volunteers at to the highest titres of naturally occurring CS antibodies we
week 4 were significantly higher (p < 0.05, Student's t test) have yet measured and exceeded those required for passive
than baseline responses to antigen concentrations of protection ofmice against experimental challenge with small
15 pg/nl and 60 pg/ml. Nine of thirteen volunteers numbers of sporozoites.7 Protective antibodies that react
responded to R32tet2 in this assay 4 weeks after the first with immunodominant epitopes on CS proteins are

detected by immunofluorescence assay with intact

TABLE III-IMMUNOGENICITY AND EFFICACY OF A FOURTH DOSE sporozoites and mediate CS precipitation and inhibition of
oF Fsv-I sporozoite invasion.6 ' No specific level of these two activities

is correlated with protective immunity in animals or
Prepatent Incubation naturally exposed human subjects. The levels that

OD Dose IFA period period
Subject (1:50) (pg) S" (!:100) (days) (days) developed in our volunteers were, however, generally lower

than those found in animals and human beings immunisedC2 0-1 ND - 1 with irradiated sporozoites or in adults living in malaria-
C22 0-i37 . ND) 10i 9

II 0I122 300 10 - 10 10 endemic regionsZ. 2

7 0"147 100 1.40 - 10 9 Higher and more sustained antibody titres would be
10 0.264 300 29 - 10 9 needed before CS subunit vaccines could be useful.
8 0-294 100 9'88 - 12 i1

13 0"613 800 7*07 2+ 13 12 Although higher doses of FSV-l could be used, the
14 1.058 800 4.04 2 + > 30 > 30 recombinant protein itself may need to be modified. Our

SELISA absorbnc, data and studies of antibody responses and lymphocyte
tLymphocyte blastogetesis to R32LR; mean SI of four non-irmunised blastogenesis with R32tet32 in mice have identified both
controls was 1-71. ND -rot done. T-cell and B-cell epitopes on the repeat portion of the
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molecule, and antibody levels in mice primed with these CS EXCLUSION TESTING FOR HUNTINGTON'S
epiopes can be boosted by intact sporozoites.19 80% of the DISEASE IN PREGNANCY WITH A CLOSELY
recombinant CS protein in FSV-1 consists of multiply LINKED DNA h &J2JE
repeated units of only four aminoacids..This region of the
molecule contains but a single murine T-cell epitope and so 0. W. J. QUARRELL A. L. MEREDiTH
may be inefficient in eliciting boosting responses in human A. TYLER S. YOUNGMAN
bintifiatine ofadtioal epretoeso th eS2 gen e nd Unstite Pf Medca GeeiH riyo AERoleeo

jil i ~ uderto nfadtral epo e ton po ites Thge e M.d InstitutA P. 5.ca Hee ,U vuyo ARPCkER o
their incorporation into new vaccines"1 or the addition of Medicine, Cardiff CF4 4XN, UK
non-sporozoite T epitopes by means of other carrier Summary 55 couples where ,e partner was at 50%
proteins or fusion products may enhance CS antibody risk of Huntingtot 'r disease (HI)) were
production. ivsiae ihaD Apoecoeylne oH ,wtWe recognise the fundamental role of celua imu ne ivsiae ih N rb lsl lne oH ,wt

respnse intheproectin aaint itene ~view to exclusion testing in a future pregnancy. In 3 of 9
challenge afforded by immunisation with irradiated pregnancies so far, HD) was excluded in the absence of

sporzoies,22-1 bu taget ntiensfor en-edited recombination. In 3 the risk was raised to around 50%, and

immunity are unknown and may be independent of the CS couplexchanged teiwre mninsmatitemintionreofithe
protein. Antibody-mediated immunity may, however, be cope hagdtirmns butemnton fte
adequate to protect some individuals against natural pregnancy and the test was therefore judged inappropriate.
mosquito-transmitted malaria. Although this preliminary Ittouto
study has demonstrated that human beings can be protected HUNTINGTON'S disease (HE)) is a progressive
with a subunit CS protein vaccine and provides a framework dominantly inherited neurodegenerative disorder. The
for the further development of sporozoite vaccines, it is clear mutation rate is low, penetranice is complete, and symptoms
that FSV-lI as formulated is not a suitable candidate for field usually begin between age 30 and 50, so that most
trials. individuals at risk have had children before they realise they

We thank Rt. Gore, J. Williamst, L. Cannont and Rt. Hajowski for e"Pert have inherited the disorder. Until lately it has not been
technical assistance, J. Metuwisien for providing sporozoites, Franklin H.
Top ad Louis Miller for support and encouragement, and the volunteers fo possible to distinguish presymptrmatic gene carriers from
participating in the study. M. Rt. H. was supported by AID) contraict their unaffected sibs, so preventive measures have relied
DPE-0453-C-00-3051-O0 and S. L. H. was supported in part by Naval upon non-directive genetic counselling and a voluntary

* ~~~Medical Research and Development Comimands work unit no. 3M463750 reuto inf ilszebth eatigrsk'
D&M AQ 061. rdin 98 faml DNA e pr oe as found whichkwa

Correspondence should be addressed to W. ft. B., MAJ, MC, Departnment loIe to8 th shor arp fro mo8)ws oe4 nd assine the
of Immunology, WRAIR, Washington DC 20307-5100, USA.loaietohes rtrm fcrmsme4ndsig dte

REFERNCESlocus D4S 10.' Close genetic linkage was reported between
D4SIO (G8) and the locus for the HD) gene in two large

1. Nussenswrg R, Vanderberg J, Most H. Piotective imsmunity produced by th kindreds.- This study has now been extended to include 52
iniection of aierdiatedl sporoizoites of j'koonodooi be.in. Mhi Med 1969, 13k. famiflies from various parts of the world, including our own
1176-82.

2. Clyde OF,1 McCarthy VCMiller RM, Woodiward WE. Immuzatai of mars against region (South Wales); the maximum total lad score proved
IM; 24:3dW--401.anatdpo aes myTopMd ~ to be 75.3 at a recombination fraction of about 5

3. Riedunami,ui eaudog, RL. Cassells )S, Sell KW. tjseofaneniated sporozoes in centimorgans (cM).5 The 95% confidence intervals for the
the imnimization of human volunteers against fialcipaiwis malaria. Bidl WHO recombination fraction were 2.4 cM and 6-5 cM, with no
1979; 57 (suppI 1): 261-65.

4. Vanderberil 1, Nussensweig R, Most H. Protective imity produced by tie evidence to support multiloc~us heterogeneity.'
inlectiin of X-Irradiated spoeozoites of Phuwmima berha. V. In vitro effects of AD Amre igtylne ote i ou a w
immune serum of sportoo.te Mit Med 1969; 334:1183-%0.ADN makrtg lyinetoheH lcuhstw

5. Hoctneyer WT, Ballou Wit, Young IF. Spoozci nsalaena vaccines. In: Chiedid L, possible clinical applications: presymptomatic predictive
Hadden JW, Spreafla F, Oukor P, Willoughby D, eds. Advances in tests for an individual at risk for the disorder (about which
phiarmacology. Oxford: Pergainon Press, 1985: 357-61.

6. Potocniakt P, Yoshsida N, Nussensweig it, Nussensweig V. Motvln frget there has been much debate) or exclusion tests in pregnancy,
(Fab) of monorlorw antibodies to aspooase surface antigen (Pb44 ptect mce where the estimated risk to the parent is not altered. We
againstnsalaria infacti.Y.7&p Aed 19811, 151: 1504-13. _ _______________________

7. Eaan I,Weber JL. Ballou Wit. et al. Efficacy of inurine malaria sporozoite vaccines.
nssplicataonr for humoan vaccie development. Scinc 1987; 236:453-56. W. it. BALLOU AND OTHERS: REPEREN'CE5w-44fltlfUd

8. Dame IB, Williams JL, McCutdian TI', et al. Structure of thse gene encoding die 16. Zole WD, Boeg J, Brands B. Moran EE. Ray I. Safety and antigenicity
ummuodoosiant surface angen ons the spotizoite of the hiuman malaria parasite as~sOapovln eigeca semplschaicvcs.Aeaemi

i'fonnaafdcmpwm Scine 1984; 22&: 593-"9.stde a lyan eigiaclpoar-lsichd aawAiivvm

9. Ballou Wit, itdbard J, Wmit RtA, etal. lemuagict of syneicetis fro Leemsnhiack 1986; 52: 225-28.
cirrensonsoiv prtei Ofia~nvhinfaomprmm. , ~,~ ~17. lKi5Ity H, Esitola J, PeboLa H, et al. Iumanogenicity in infsts of a vaccine

O'cuspo~ane poten o P~~m~iw~f~aP . Siriw 195;22& 99-0.compsmed of Haenuopsils inluenza type b capsular polysatciaide mated with
t0. Young J F. Hocimmeyer WT, Gros MT, et al. Expressions of Plaoiamfalcpuas OFT or conjusgated to diphtheria toxced.~ I nfec Dus 1987; 155- 100-06.

d . ccunssporone protinms in iclichma col. for potential use in a hiana malaria I B.Rttoe N, Pelkonn J, Sipise 1. et al. JaoryPe oncentraion; ofliuaem antibodies to
vaccine. Sd c 1985; 2M& 95"-2. group A menigococical polysaclaride. _I Ivsna,.o 1986 137: 2670-75,

ll. WirtzRA, Ballou Wit, Schneider 1, etal. PlamiodenfJaicpanam: inanunogenicisy of 19. Hoffman SL, CGanniai LT, Berzofsky JA, etial. Plamndam foapartan: a T cell
circumnspootte protein constructs produced in RscAenciAa co&m Evp Pa'nawal (in e.,,. can sPormzixte vaccine allows spotorote boosting of imunity. Exp
press). Puarasuel (in press).

12. Hoffman SL, Wistar R, BalourWt, et al. Naturally acquied human antibodies to 3. Good MI', Benrifsky JA. Maloy WIL, efal. Gerinconetrol of thea imueresponses
PLk~.odaa fakqipsm eirn.poroaotte protein repeat region modiate biologic in mice to Piamiiuma fiuapamit spoofte vacciiare. Widespreed
reactonas associated with protective imnaaity. N EqrIl Med 1996; 10: 601-M6. nogmesponvenesa to single malaria T epitope in highly repetitive vaccine. Y lisp

13. Holhngdale MR, Nardin EH, Tharavanot S, et al. Inhitori Of entry of Miasam Med 1986; 164- 655-W9.
falckpum and Pctst, spotaottes into CUlture cdlv,., si vitro assyOf protective 21. Good MF, Maksy1 _ WL. Lnde MN. ci al. Censsrmcon ofsynthetimamogen: use
antibodies.) lwmmol 1984; 132:909-13. of new T-heipe eparoe on malaia cumnpoeoaragepeotei. Scienot 1987; 233:

14. Chsulay IC. Schneider 1. Cosgriff TM, et al. Malarna trusniistl to humans by 10%9-62.
osaqitoes infected frm cultured Piw,na. falcspai. Am. Y Twp Med POR 22. Chen OH, Tigelaw itE. Weinbasais Fl. izmmusnity to apomaiie induced malaias

19116; 35:696-M8. infection as moice. 1. The effect of uinnzam on T and g cell deficient mioe..y
1.Tramnso EC, SaoaS JC, Boslego 1W, Ciakt J, McOwesn 0. Gonococcal pihas Imio 1977; IM 1322-27.

vaccine: ssidmsofatigericityO andihibiciumsoaraclsrnt. )Chn Invst 1981; 86 23. Vemiave JP, Stricktland GT, Jaffe HA, Ahmedi A. Studies cm theransits ofpvtcv
881-88. iunaiiy with lymiphsoid cells fron mice immasune in malara sportsates y

References cotmumd at fooof nextrcoan'm Imamsa 1978; 121-.1031-35.



.'4

)a. REPORT SECURITY CLASSIFICATION 1b. kESTRICTIVE MARKINGis

Unclassified
2a. SECURITY CLASSIFICATION AUTHORITY i 3. DISTRIBUTION I AVAILABIUTY OF REPORT

2Approved for public release;
2 OEOSSIATIONIOOWNGRADING SCHEDULE distributidn is unlimited

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

NMRI 87-59

64. NAME Of PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
Naval Medical Research OIf apOIkcable) Naval Medical Command

fK. ADDRESS (429, State. WW ZIP Code) 7b. ADDRESS (City, Stare. and ZIP Code)

Bethesda, Maryland 20814-5055 Department of the Navy
Washington, D.C. 20372-5120

Ba. NAME OF FUNOINGISPONSORNG Sb. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZAnON Naval Medical Of appkibe)

Research and Development Comand

Bc ADDRESS (Cty, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
Bethesda, Maryland 20814-5055 PROGRAM PROJECT TASK WORK UNIT

ELEMENT NO. NO. 3M4637 NO. ACCESSION NO.

63750A 50D808 AQ 061-1 DA301569
11. TITLE (Incude Secunty Clanfication)

Safety and Efficacy of a Recombinant DNA Plasmodium Falciparum Sporozoite Vaccine

12. PERSONAL AUOMOR(S) Ballou,W.R.; Sherwood, J.A.; Neva, F.A.; Gordon, D.M.; Wirtz, R.A.; Diggs,C.1
Wasserman. G.F.; Hoffman, S.L,; Hollingdale, M.R.; Hockmeyer,W.T.; Schneider,I.; Young,J.F.

13a. TYPE OF REPORT 1 3b. TIME COVERED 14. DATE OF REPORT (Yea, Month, Day) -f . PAGE COUNT
journal article I FROM TO 1987 5

16. SUPPLEMENTARY NOTATION

in: Lancet, no.8545, Saturday June 6, 1987, pp. 127 7 -8 1

17. COSATI CODES 11. SUBJECT TERMS (Continue on reverse if necessay and identify by Nock number)

FIELD GROUP SUB-GROUP DNA,Recombinant Plasmodium Falciparum

Malaria ... Vaccines

19. ABSTRACT (Connue on reers if ntcegsa and identity by block number)

20. OISTRIBUTIONIAVAILABIUTY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
UCLASSIFIEO/UNUMITEO C1 SAME AS RPT. 03 OTIC USERS Unclassified

22.. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (iclude Are* Co d) c. F.CE SYMBOL
Phyllis Blum, Information Services Division 02-295-2188 ISD O ADM OM

OD FORM 1473,84 MAR 3 APR edton may be used ontil exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete. UNCLASSIFIED


